We describe the measurement of a component of the nonadiabatic transition probability in a two-level system that depends only on the path through parameter space followed by the Hamiltonian, and not on how fast the path is traversed [M. V. Berry, Proc. R. Soc. London 430, 405 {1990)j.
I. INTRODUCTION
Recent work has shown that, even in few-level quantum-mechanical systems, analysis by separation into subsystems typically involves effective interactions between the subsystems that are naturally described in terms of gauge fields. ' Such fields arise for subsystems consisting of dynamical variables, as in the BornOppenheimer approximation, and when one of the subsystems consists of external parameters. Examples giving rise to Abelian and non-Abelian gauge fields have been treated theoretically and experimentally. ' Abelian gauge fields have been shown to alter the phases of the wave functions they act on; in the adiabatic limit the phases are shifted by Berry phases. Non-Abelian fields alter both phases and populations. In a significant recent development, Berry has shown how a Berry phase in a driven two-level system fundamentally changes the transition probability in that system. The purpose of the present paper is to report the experimental confirmation of this prediction.
We are concerned in this paper with a unitarily evolving two-level system depending on external parameters that are changing nonadiabatically.
Effective Abelian and non-Abelian gauge potentials applicable to nonadiabatic behavior have been discussed from several points of view, both for unitary and nonunitary' ' evolution;
while the non-Abelian theories permit both phase and population changes, these treatments of Abelian fields describe population changes geometrically only in the case of nonunitary evolution. Several authors have also considered geometric effects on the phase of the transition amplitude in a unitarily evolving two-level system. ' The recent work of Berry derives a wholly new result: it predicts a geometric component of the transition probability in a unitarily evolving two-level system. This geometric component depends only on the curve followed by the Hamiltonian in its space of parameters, and not on how fast the curve is followed. The transition probability is the product of the geometric factor and a dynamical factor, which is exponentially small in the rate of change of the parameters; thus although the geometric factor is nonzero even in the adiabatic limit, the complete transition probability still goes to zero as the rate of change goes to zero.
In the following section of this paper we briefly outline the theory of Berry, showing its roots in the LandauZener and Dykhne formulas for the transition probability in two-level systems in order to fix notation and make our presentation more self-contained. We then discuss how the measurement is carried out, and the experimental significance of the parameters in the theory. In the final sections, results are presented, and we indicate possible future directions and applications for this work.
II. THEORY
Landau-Zener theory provides an exact expression for the nonadiabatic transition probability in a two-level system described by the following Hamiltonian:
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assuming the initial condition c, ( -~) =1, cz( -~) =0.
Physically, P is the probability of finding the system in state 2, given that it began in state 1 and was transported at a constant rate through the avoided crossing. The procedure used to generate this Hamiltonian is illustrated in Fig. 2(a) .
The (14) [ Fig. 1(b) ], in the adiabatic regime. This experiment was performed with an interrupted version of the sequence described in Fig. 2(a) , in which both the phase and amplitude of the magnetization were measured at points during a single sweep, rather than just at the end of a sweep. For adiabatic evolution the magnetization tracks the Hamiltonian curve shown in Fig. 1(b Fig. 3 , the response of the sample magnetization to it, for 5=1.66 sec ' (A/B5=18.9), that is, nearly adiabatic evolution. For such a case, the magnetization vector tracks the direction of the Hamiltonian vector shown in Fig. 1(b) Fig. 5(a) , and three regimes can be identified. At short For large 1/6, the adiabatic limit, P is too small to measure accurately in our experiment, as is evidenced by the increased scatter in the data at long sweep times. The intermediate regime, however, is accessible to experiment and is described by Berry's theory. This regime requires A/B5&)1 [see Eq.
(20)]; we see that experimentally
A /B5~4 appears to be sufticient. The figure also shows the theory of Berry, which appears as straight lines of slope 61 d =15.3 sec ' and intercept I"~=+0.243. The sign change in I g is due to its behavior under time reversal. The intercepts are shown more clearly in (b), which also shows the behavior for small 1/5; both experimental curves go to zero here, since P~1 in this limit. same three regimes observed in Fig. 5 can be identified, as 1/5 changes from small to large values.
B. Behavior with respect to time reversal
In Sec. VA we used the behavior of P'under timereversal to extract I . Near the adiabatic limit, where the asymptotic theory is valid, this behavior is expressed simply by the sign change in I . Figure 4 shows that, 
